The antagonism of the antipseudomonal activity of ceftazidime by meropenem(la) was much less than those by imipenem (2a) and panipenem (2b). To reveal the major structural features of carbapenem compounds responsible for the antagonism, we investigated the structure-activity relationships of carbapenems to their antagonism of the antipseudomonal activity of ceftazidime and to their /Mactamase-inducibility in P.
The antagonism of the antipseudomonal activity of ceftazidime by meropenem(la) was much less than those by imipenem (2a) and panipenem (2b). To reveal the major structural features of carbapenem compounds responsible for the antagonism, we investigated the structure-activity relationships of carbapenems to their antagonism of the antipseudomonal activity of ceftazidime and to their /Mactamase-inducibility in P.
aeruginosa. The antagonistic effect of la was less than that of desmethyl-meropenem (lb). Two other meropenem-analogues (3, 4), with the highly basic C-2 side chain, showed greater antagonistic effects than that of la, which has a weakly basic C-2 side chain. The /Mactamase-inducibility of la in P. aeruginosa was lower than those of 2a, lb and 4. These results indicated that the antagonism of the antipseudomonal activity of ceftazidime by carbapenems was due to the induction of /Mactamase in P. aeruginosa. As a result of the study on the structure-activity relationships, we clarified that the introduction ofa 1 j6-methyl group and/or the reduction of the basicity (cationic character) of the C-2 side chain in carbapenem skeleton decreased the antagonistic effect of carbapenems on the antipseudomonal activity of ceftazidime resulted mainly from the decreasing the /Mactamase inducibility.
Pseudomonas aeruginosa is an important pathogen that causes severe infections in immunocompromised hosts. 
Determination of antagonism
The ability of carbapenems to antagonize the antipseudomonal activity of CAZ was determined by a comparison of the MIC of CAZalone and those in combination with carbapenems. The MICs were determined by agar dilution method as described above. In the comparison of three carbapenems (MEPM,IPM and PAPM)( Fig. 1) , the MICs of CAZalone and in combination with three subinhibitory concentrations (0.1, 0.2 and 0.39/ig/ml) of each carbapenem were examined.
In the examination of SARsto antagonism (Table 3 , Fig. 3 ), the concentrations of antimicrobial agents were arranged in a checkerboard titration pattern with twofold serial dilutions. The values of MICcombi/MICalone shown in Table 3 are the ratio of the maximumMICof CAZ combined with carbapenems to the MIC of CAZ alone in the checkerboard titration assay.
Induction of /?-Lactamase
To determine the induction of /Mactamase by tested compounds, an overnight culture was diluted 10-fold with 9ml of fresh medium (Antibiotic Medium No. 3, Difco) and incubated at 37°C for 3 hours with shaking. Fig. 2 shows the distribution curves of the MICs of CAZalone and in combination with a subinhibitory concentration (0.1 jug/ml) of IPM (2a), PAPM(2b) and MEPM(la) against 27 clinical isolates of P. aeruginosa. These strains used in this examination were selected from recent clinical isolates in which la and 2a showed similar MIC,to enable an examination of the antagonistic effects of la and 2a at commonconcentrations. Therefore, the susceptibility of these strains to la was relatively lower than that of typical isolates of P. aeruginosa reported by other research groups recently,*2'*3) as shown in Table 1 .
Similar distribution curves were also observed at the other two subinhibitory concentrations (0.2 and 0.39 itig/ml) of carbapenems (data not shown).
The addition of a subinhibitory concentration of 2a caused a significant increase in the MICs of CAZ against the tested strains. PAPM (2b), which is structurally closely related to 2a due to the presence of high basicity in the C-2 side chain and the absence of ljS-methyl group (Fig. 1) MICs were determined by the twofold serial agar dilution method with MHA(inoculum size: 104 CFU/spot, incubated at 37°C overnight).
MEPM: meropenem, IPM: imipenem. activity of CAZin more detail.
Effects of ljff-Methyl Group and C-2 Side Chain on the Antagonism of the Antipseudomonal Activity of CAZ by Carbapenems
In a checkerboard titration assay, the antagonism of the antipseudomonal activity of CAZby carbapenems was investigated using five carbapenem derivatives including IPM (2a) and MEPM(la) as shown in Table   3 . Table 2 presents the susceptibility data of the 18 strains used to the carbapenems. The antagonistic effect of la was less than that of desmethyl-MEPM (1b) ( Table 3 ). This result indicated that the introduction of a l/?-methyl moiety on the carbapenemskeleton decreases the antagonism of the antipseudomonal activity of CAZby carbapenems due to the steric effect of the methyl group and/or the resulting conformational change of the C-2 side chain.14)
The antagonistic effect of 2a was greater than that of 145 1b (Table 3 ). This result indicated that the antagonistic effect of the carbapenems was affected not only by the introduction of a ijS-methyl group but also by the structural features of the C-2 side chain. The basicity of the C-2 side chains ofMEPM type la and 1b (pKa= 7.4) is markedly different from that of 2a (p#a=9.9).15) Therefore, we focused on the effect of the basicity in the C-2 side chain of carbapenems, which is related to the cationic character in aqueous solution, on the antagonism of the antipseudomonal activity of CAZ. Compounds 3 and 4 are structurally closely related to la, but these have higher basicity (pi£a=8.9 and 10.0, respectively) than that of la in the C-2 side chain because of the presence of a methylene or ethylene spacer between the pyrrolidine ring and monomethylaminocarbonyl group.15) Compound 4 exhibited the greatest antagonistic effect amongcompounds la, 3 and 4, and the antagonistic effect of 3 was greater than that of la (Table  3) . MICs were determined by the twofold serial agar dilution method with MHA(inoculum size: 104 CFU/spot, incubated at 37°C overnight).
CAZ: ceftazidime.
MICcombi/MICalone is the ratio of the maximum MIC of CAZcombined with a carbapenem to the MIC of CAZ alone in checkerboard titration assay.
MEPM: meropenem, IPM: imipenem.
These findings indicated that increasing the basicity of the C-2 side chain of carbapenem compoundsincreased their antagonistic effect, and the antagonistic effect of carbapenems which have a highly basic C-2 side chain was sufficiently large regardless of the presence or absence of a 1^-methyl group. Based on these results, we suspected that the difference in the antagonistic effects of la and 2a was caused by the presence or absence of a l/?-methyl group and the different strengths of the basicity in the C-2 side chain. The antagonistic effect of the carbapenems tested was not correlated to their antipseudomonal activity (Tables   2 and 3 ). This indicated that the antagonistic effect of the carbapenems was not affected by the antipseudomonal activity of the carbapenems.
Effect of 1^-Methyl Group and C-2 Side Chain on /?-Lactamase Inducibility of Carbapenems in P. aeruginosa The SARs of carbapenems to /Mactamase inducibility in P. aeruginosa was investigated, and the results are shown in Figs. 4 and 5. The strains BI-633 and BI-749, which showed similar susceptibility to five carbapenems tested (Table 2 ) and a marked difference in antagonism betweenla and other carbapenemsin the checkerboard titration assay (Table 3 and Fig. 3 ), were selected from the strains listed in Tables 2 and 3 . The j8-lactamase inducibility of 2a was markedly higher than that of la at the concentration of 0.313^g/ml (0.1 XMIC of la and 2a) in strain BI-633 (Fig. 4) . This The relative /Mactamase activity is expressed as a multiple of the basal level activity.
result is in agreement with a previous report,5) and correlates with the results of the antagonism shown in Table 3 and Fig. 3 .
Wenext investigated the SARsin detail, using four carbapenem compounds and strain BI-749 (Fig. 5) . The same tendency of SARs was observed in /Mactamase inducibility as that of antagonism shown in Table 3 , i.e., the /Mactamase inducibility of desmethyl-MEPM (lb) and compound 4 were higher than that of la, and that of 2a was higher than that of lb at two subinhibitory However, the /Mactamase inducibility of compound4 was smaller than that ofdesmethyl-MEPM (lb) in BI-749 (Fig. 5) , although the antagonistic effect of compound 4 was greater than that of lb (Table 3 ). This result suggested that the antagonistic effect of carbapenems was caused not only by the induction of /Mactamase but also by other unknownfactors. Further study is needed to clarify the other factors.
In summary, we found that the l/?-methyl group in the carbapenem skeleton and the basicity of the C-2 side chain played important roles in the antagonism of the antipseudomonal activity of CAZby carbapenems and in the /Mactamase inducibility of the carbapenems, as well as in their antipseudomonal activity as reported previously.8) This study also clarified that the main factor FEB. 1999 This information will be helpful for the selection of a suitable carbapenem in combination therapies with other antipseudomonal /Mactam antibiotics.
